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Abstract 
The problems of the development of mobile digital speckle interferometer with a cw laser to obtain the vibration characteristics 
of the full-size structures in factory laboratories. Given the results of the use of the mobile testing interferometer for the study of 
vibration characteristics of model samples of honeycomb panels, different way to connect mobile plate frame with power-trim. 
Considering the cellular plate as a system with distributed parameters provides a method to determine its natural frequencies and 
mode shapes by acoustic excitation. The experimental results are compared with those of serial laser Doppler vibrometers. 
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1. Introduction 
In real time, the prospects for progress in engineering associated with the development and wide use of composite 
materials (CM), mass characteristics are significantly smaller than the metallic samples [1, 2]. The most widespread 
use of multi-layer CM, honeycomb panels and shells found in the products of aviation and rocketry including in 
modern spacecraft [3].  
During takeoff booster vibroacoustic experience increased load, the source of which, primarily, are rocket 
engines. The vibrations are transmitted to the spacecraft and have a negative impact on the instruments and 
equipment. Another step of increasing the relevance of the study of shapes and motion parameters of the elastic 
elements of the spacecraft design occurs during flight operation aids. Here improving management systems of 
spacecraft are inextricably linked with the ability to effectively suppress vibration processes of extension of the 
elastic elements, in particular solar panels. 
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This is possible only if there is reliable information on the frequencies and mode shapes of their constituent 
elements, including cellular structures, in terms of modeling the impact of mechanical and thermal loads. Knowledge 
of the mode shapes of honeycomb panels allows the engineer to make informed and experimentally substantiated 
changes in the design to reduce dynamic loads efficiently use vibration damping and noise reducing materials, 
saving considerable weight of the product. Relevant here is the use of automated means of panoramic measurements 
giving the distribution of the shape and amplitude of resonance oscillations at all points of the analyzed surface. 
These affordable vibration meters are based on the method of correlation speckle interferometry [4]. 
Development vibrameasurement digital speckle interferometer (DSI) with a continuous laser led to the 
development of methods to increase the noise immunity of interferometers to random fluctuations. Research 
conducted since 2000 at the Department of SSAU ASPP allowed contributing to the program [5] and circuit [6] 
techniques to increase the stability vibrameasurement DSI with a continuous wave laser. It was first established 
mobile DSI continuous laser for determining vibration characteristics as well as the normal field of deformation 
displacement structures [7].  
Urgent task is to provide a movable DSI with a CW laser as a tool to obtain the vibration characteristics of full-
size cellular structures in their design and operation. This DSI must have stable metrological characteristics despite 
the placement of functional elements of the interferometer on the desktop with the mobile platform. 
2. Movable vibrameasurement speckle interferometer and research stand on its base 
Analysis of results of the program created a method to improve noise immunity vibrameasurement DSI with 
continuous laser under the action of the object under study external destabilizing factors (for example, pulsating gas 
flow, random vibrations) showed the presence of a threshold effect, increase the contrast of the speckle 
interferograms obtained (Fig. 1). 
  
 
Fig. 1. Increase in the speckle contrast of the interferogram resonantly vibrating plate in the absence of (a) and presence of (b) exposure to the gas 
stream at a rate of 20 l/min 
The positive impact of instability conditions of measurement indicates the unselected stock sustainability 
software used method of statistical processing of speckle images.  
Application of this method of processing speckle images together with the proposed in [8,9] way to form a 
speckle modulated reference beam and combining it with the object beam to further increase the noise margin of the 
optical scheme and the ability to create mobile vibrameasurement DSI (Fig. 2). 
Fig. 2 shows that the opto-electronic circuit is assembled on a mobile CSI individual mobile supports, depending 
on the characteristics of the object. Destabilizing role of the method of assembly DSI appears to reduce the level of 
noise immunity of the interferometer, increasing the instability of its performance. To eliminate repetitive steps of 
assembly-disassembly optoelectronic circuits mobile DSI under each new facility was designed experimental setup 
as optoelectronic assembly DSI on a movable and adjustable height TV stand 6 (Fig. 3). The unit consists of rigidly 
fixed on a tripod 6 desktop 4, which, in turn, established the following functional elements: laser 1, beam expander 
2, 3. For camera exhibiting functional elements of the interferometer used two optical line 5. If this line 5 with 
Camera 3 is fixed on the table 4 with the possibility of adjusting the angle between the optical axes of the laser and 
the camera. 
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Fig. 2. General view of the mobile vibrameasurement DSI: 1 - solid state laser LCS - DTL - 317; 2 - beam expander; 3 - diffuser; 4 - holder of the 
diffuser; 5 - object under study (vibration support); 6 - camera; 7 - geodesic tripod 
 
 
Fig. 3. General view of the optoelectronic assembly movable DSI: 1 - laser; 2 - beam expander; 3 - camera; 4 - desktop; 5 - optical line; 6 - 
mobile TV stand 
The developed system castors tripod 6, having a mass of 100 kg, allows free movement and rotation around the 
axis of the installation. Opto-electronic circuit rolling DSI complements placed before the object under study 6 (Fig. 
4) is passed diffusion sheet diffuser 7. Use the diffuser 7 optical scheme is implemented with DSI speckle-
modulated reference wave and the combined beams. Scheme convenient maintenance due to the small number of 
optical elements, ease of alignment. The structure of the functional elements of the movable components of the DSI 
was previously created a mobile DSI. 
 
 
Fig. 4. Scheme of the research stand with moveable DSI: 1-laser; 2-beam expander; 3- camera; 4-desktop; 5-mobile television tripod; 6-examined 
object; 7-diffuser; 8-speaker audio; 9-sound generator; 10 - massive props; 11 - laser power supply; 12-PC 
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To register a speckle image of the object using a television camera WAT-902N type of Japanese company Watec 
photographic lens Jupiter-8 and computing unit PC board input video AverTV. The camera provides the registration 
of images in a standard format on the hard disk of PC (25 frames / sec). Resolution CCD camera is 752 × 582 pixels. 
To determine the resonant frequency also used LDV type PDV-100 (with a stationary beam) and PSV 400 3D 
(scanning beam) with the relevant vibration exciter. 
3. Description of the investigated objects  
The objects of study were considered cellular sandwich plates made of aluminium alloy and had dimensions of 
212 × 300 × 5 mm. Plates were prepared by cutting decommissioned honeycomb. Plates were defects in the form of 
minor jams on the casing. In the first stage of research honeycomb plate 1 (Fig. 5a) is fixed on the support shelf 4 
light metal frame with 2 screws with washers 4, simulating the design of the dashboard SC [10]. Isotropic plate 5 
was used for fixation of the resulting model honeycomb in a vise. During the investigation of a model of sample 6 
(Fig. 4) honeycomb panels were excited at resonance frequencies when exposed to an acoustic field sound speaker 
connected to the frequency generator G3-56. Audible speaker located at a distance of 60 mm from the surface of a 
honeycomb. Output diameter of the sound dynamics was 200 mm and was comparable with the transverse size of 
honeycomb. 
 
 
 
Fig. 5. Scheme for construction of models of cellular panels (the side facing to the camera):  
(a) 1 - honeycomb plate; 2 - power frame; 3 - support shelf; 4 - the mounting bolts with washers; 5 - Mounting plate;  
(b) 1 - honeycomb plate; 2 - power frame; 3 - Rope Stretching; 4 - pin; 5 - fixing screw with washer and nut 
At the second stage of the research Plate 1 (Fig. 5b) was secured at the corners by means of pins 4 and 3. The 
ends of rope stretch marks stretch marks alternately tensioned 3 clamped to the body frame 2 by a power washer 
with a nut on the locking screw 5. 
4. Experimental Results and Analysis 
The paper presents examples of research facilities at compatibility мusing movable CMA with measuring means 
operating on other principles provide useful information, as well as the calculation method of numerical simulation. 
The Fig. 6 shows the characteristic form obtained by rolling CSI continuous laser speckle interferograms of 
vibration characteristics of models honeycomb panels with four versions fixing plate on the power box - edging. 
From Fig. 6a shows that the plate to bolt the probability of distortion resulting waveforms due to the unevenness of 
the elastic compression of the skin. In the field bolting can arise artificial nodal bands shown in Fig. 6a,b for the 
oscillations at frequencies of 314 Hz and 560 Hz. 
The most reliable form of resonance vibrations of the panels with a closed nodal band (Fig. 6a, b, c) is 
reproduced when securing mobile plate on the bottom cladding by means of adhesive bonding with polymer pads. 
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Characteristic in Fig. 6c compared to Fig. 6b with the oscillation frequency of 1195 Hz is a slight increase in the 
contrast of speckle interferogram. This mode of oscillation is well matched numerical form obtained at a frequency 
of 1180 Hz for a low stiffness attachment.  
 
 
Fig. 6. Typical forms and frequency of resonant oscillation models of cell panels differ in the way the cellular fixing plate on the power box: (a) 
12 bolts and washers (see. Fig. 5a); (b) 4 bolts and washers on the corners of the plate; (c) via adhesive bonding with polymeric pads at the 
corners of the plate; (d) to rope stretching the corners of the plate (see. Fig. 5b) 
Further reduction of the influence of the frame-edging on the frequency characteristics of honeycomb panel has 
been achieved at the expense of the authors proposed the connection plate with a rigid frame with the cable 
stretching the length of 55 mm (Fig. 5b). Introduction stretch led to a fundamental change of registered forms and 
frequencies of resonance oscillations of the plate (Fig. 6d). Performed numerical analysis showed that the 
experimental vibration characteristics at frequencies up to 3.5 kHz, corresponding to free vibrations of the plate with 
the divergence of the frequency of not more than 1-3 Hz. To illustrate this fact, consider the results of studies, cast in 
Fig. 7. 
 
 
Fig. 7. Multiple graph of experimental and calculated frequencies and mode shapes of cellular plates, hung in the corners on extensions: 1 - 
spectrum of eigenfrequencies obtained with Doppler vibrometer PDV-100; 2 - speckle interferograms moving DSI; 3 - Results of numerical 
simulation 
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Experimental Fig. 1 describes the variation of the amplitude of vibration acceleration of the oscillating plate cell, 
depending on the frequency of the excitation of the acoustic field. For the corresponding amplitude values of the 
graph is combined with speckle interferogramami 2 rolling CMA and 3 results of finite element modelling. The 
discrepancy between the experimental and numerical results on the oscillation frequencies of the plate is not more 
than 5.5% for the first 6 tones. 
 
4. Conclusion 
1. Create a simple-to-use mobile vibrameasurement CSI with continuous laser-based software methods of 
statistical processing of speckle imaging and optical circuit including opto-electronic assembly disposed on the 
desktop with a movable platform, and placed in front of the surface of the transmissive diffuser plate design diffuser.  
2. The performance of the mobile DSI confirmed the convergence of the results with data of serial Doppler 
vibrometer and the method of numerical simulation obtained for the studied object in the form of models of cell 
panels differ in the way of cellular attachment plates on a rigid frame-rimmed.  
3. The method of fixing the acoustically excited cell plates on rope stretching, providing reception of natural 
frequencies and mode shapes of plates applied to the problems of nondestructive testing and determination of 
vibration characteristics of components developed honeycomb structures.  
4. The discrepancy between the experimental and numerical results for the frequencies of resonance oscillations 
banners posted on cellular plate is not more than 5.5% for the first 6 tones. A comparison of the corresponding mode 
shapes obtained by the DSI and the numerical method, performed on a qualitative level. 
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